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(54) Wind turbine 

(57) Enhanced aerodynamic llftof a 
wind turbine is achieved by providing 
ea ch b la d e 1 2 of th e tu rb i n e roto r with a 
longitudinally-extending pathway 14 
which has an inlet 16 through which air 
can enter and flowthrough the pathway 
14 and an outlet 26 located adjacent and 
substantially parallel to the leading edge 
of the bIades.Theoutlet26 is adapted to 
direct airflowing fronn the pathway over 
the blade surface towards the trailing 
edge of the blade 1 2. That flow of air 
adheres to the blade surface owing to 
the Coanda effect and, consequently, 
induces airflowing over the surface to 
accelerate thereby enhancing the 
aerodynamic liftexperlenced by the 
blade 12. Flowthrough pathway 14 may 
also comprise flow supplied via the rotor 
hub and may be controlled by valve 30 
and a valve in the rotor hub. The valves 
may be operated by centrifugal force to 
close in an overspeed condition. The 
wind turbine may be of the horizontal or 
vertical axis type and the blades may be 
fixed or variable pitch, and twisted. Flow 
guides 28 may also be provided. The 
outlet 26 may extend overthe outer 80% 
to 98% and the inlet 1 6, overthe inner 5% 
to 35% of the blade radius. 
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SPECIFICATION 

Wind turbine 

5 Theinvention relatestoawind turbine particularly, 
though not exclusively, to a turbine having fixed- 
pitch blades. 

To function effectively as a prime mover for electri- 
cal power generation, a wind turbine rotor should 

10 operate at a constant speed of rotation so that a 
simple fixed-ratio mechanical transmission may be 
used to turn the generator at a constant speed app- 
ropriate to the frequency of alternating current requi- 
red e.g. 50- 60Hz. 

15 It is preferable to keep the construction of the turb- 
ine rotor simple using fixed-pitch blades secured, 
e.g. by being bolted, to the rotor hub. Such con- 
structions apply particularly to smaller wind turbines 
having rotor diameters of 25m and below, but an ef- 

20 fective technique for controlling the maximum 
speed of rotation of the rotorwould no doubt enable 
thisform of construction to be used on largermach- 
ines. 

These requirements, which are directed to give re- 

25 liability and minimum cost of construction and oper- 
ation, create problems in operation. At present, 
these problems are solved in part by a compromise 
in the useof stall-regulated bladeforms. Stall- 
regulated blade forms have less twistthan would be 

30 required to give a constant angle of attack at all blade 
radii. The angle of attack at any given blade radius is 
defined as the angle between the pitch angle of the 
blade-section chord at that radius and the resultant 
wind vectorformed by the vectorial addition of the 

35 circumferential blade velocity vector atthatradius 
and the velocity vector of the wind. If the blade twist 
Is such that at every section the angle ofattackgives 
maximum lift (approximately 1 2-1 6°) at some nom- 
inal wind speed and speed of rotation, then a slight 

40 increase in wind speed would stall the whole blade 
and a dramatic reduction of aerodynamic lift and 
hencetorqueandpowerwould occur. By designing 
the blade such that the blade root section is at a 
steeper angle of attackthanthetip, stall can be made 

45 to develop progressively at greater and greater radii 
as the wind speed increases and thus producing an 
approximately constant power over a range of wind 
speeds. 

In very high wind speeds, the power begins to in- 
50 crease once more and, since the increase is largely 
produced by wind pressure reaction on the flat sur- 
face of the blade, it is difficult to control except by 
spoilers, airbrakes or other movable surfaces. 
Also, it is necessary to keep the blade pitch flatto 
55 reduce the torque produced by wind pressure. 
As a consequence, wind turbines having fixed- 
pitch blades, particularly stall-regulated bladeforms, 
have poorstarting characteristics in light winds. 
Although the above description refers specifically 
60 to horizontal axis turbines, it will be readily apparent 
that vertical axisturbines having fixed-pitch blades 
(whetherflxed orvariable tilt angle blades) can also 
have poorstarting characteristics in light windsfor 
similar reasons. 
65 Accord! ng to the present i n vention, a wl nd tu rbine 



comprises a rotor having at least one blade in the 
form of an aerofoil and valve means, the blade hav- 
ing an internal pathway which extends generally par- 
allel to the longitudinal axis of the blade and which 

70 has an inlet through which air can enter andflow 
along the pathway and an outlet located adjacent 
and substantially parallel to the leading edge of the 
blade, the outlet being adapted to direct air flowing 
from the pathway over the blade surface towards the 

75 trailing edge of the blade thereby enhancing the 
aerodynamic lift experienced by the blade, flow of air 
along the pathway to the outlet being controllable by 
said valve means. 
Preferably, the blade is a fixed-pitch blade. 

80 Preferably, the rotor is mounted on a horizontal 
axis. In that instance, the outlet is located between 
the midpoint and the tip of the blade, preferably over 
the outer 80% - 98% of the blade radius as measured 
from the root of the blade. The inlet is located in the 

85 radially inner part of the blade, in one embodiment, 
the inlet is in, and is substantially parallel to the long- 
itudinal axis of the blade and preferably extends over 
the inner 5% - 35% of the blade radius as measured 
from the root of the blade. The inlet is adapted to 

90 receive air into the pathway from the blade surface to 
augment laminarflow over the blade surface thereby 
enhancing the aerodynamic lift experienced by the 
blade. Alternatively, or additionally, the inlet extends 
radially through the root of the blade. 

95 Alternatively, the rotor is mounted on a vertical 
axis. 

The invention also includes a wind turbine blade 
as defined in the preceding three paragraphs. 

Awind turbine will now be described to illustrate 
100 the invention byway of exampleoniy with reference 
to the accompanying drawings, in which :- 

Figure 1 is a cross-section of a conventional wind 
turbine blade, the airflow pattern overthe blade at 
the onset of stall being shown by theflow lines; 
105 F/grt/res 2 and 5 a re cross-sections taken on lines 11- 
il and III - III, respectively, of the blade shown in 
Figure 4, the air flow patterns overthe respective 
cross-sections of the blade being shown by theflow 
lines; 

1 1 0 Figure 4 is a schematic elevation of a wind turbine 
blade constructed in accordance with the present in- 
vention; 

Figure 5 \s a schematic side view of the blade 
shown in Figure4; and 
1 1 5 Figures 6 and 7 are a schematic elevation and sec- 
tion taken on a line VII -VII in Figures, respectively, 
of the hub of theturbine showing one form of valve 
arrangement. 
An horizontal axis wind turbine (not shown) has a 
120 rotor (notshown) connected through a transmission 
(not shown) to a generator (notshown). 

Therotoroftheturbine has a hub 10 (Figures 6and 
7, for example) to which are bolted three equi- 
angularly-disposed blades 12 (Figures4and5)which 
125 are aerofoils. The blades 12 are preferably twisted 
such thattheturbine is stall regulated. However, for 
simplicity the twist of the blades 12 is notshown on 
the drawings. 
Each blade 12 has an internal pathway 14 exten- 
130 ding generally parallel to the longitudinal axis of the 
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blade 1 2 and from the radially inner end of the blade 
1 2 to a position immediately adjacent the ti p of the 
blade 1 2. Each blade 12 has an inlet into the respect- 
ive pathway 14 in the form of a slot 16 extending over 
5 approximately 5% - 35%, for example, of the radi us 
of the blade 1 2 measured from the root of the blade 
21 . As is explained more fully below, air issucked 
into the pathway 1 4through the slot 1 6 as indicated 
in Figures. 

10 Each blade 1 2 has a second inlet 18 through the 
root of the blade 12. Airflowthrough the inlet 18is 
controlied by a valve shown diamgrammatically at 
20 in Figure 4. In practice, the valve 20 is, for ex- 
ample, a common valve regulating an opening 22 in 

15 the hub 10 and being operable by a control rod 24, 
the inlets 18 of the blades 12 all communicating with 
the interior of the h u b 1 0. 

Each blade'1 2 has a corresponding outlet out of the 
respective pathway 1 4 in the form of a slot 26 located 

20 between the midpoint and the tip of the blade 1 2 and, 
typlcafly, extending between approximately 80%- 
98% of the radius of the blade 1 2 measured from the 
root of the blade 1 2. The slot 26 is adjacent and sub- 
stantially parallel to the leading edge of the blade 1 2 

25 and is adapted to direct air flowing from the pathway 
14 overthe blade surface towards thetrailing edge of 
the blade 12 asindicated in Figure 2. 

Preferably, flow guides 28 extend transversely 
overthe blades 12 to ensure the air flows trans- 

30 versely of the blade 12 in the region of the outlet slots 
26. 

The slots 1 6 and 26 have respective stream-lined 
stiffening ribs 17 and 27, respectively, extending ac- 
ross them to reinforce the blades 1 2. 
35 The airflow along each pathway 14 is regulated by 
a respective control valve 30, the valves 30 of the bla- 
des 12 being interconnected for simultaneous oper- 
ation. 

The operation of the turbine will now be described. 

40 When the rotor of the turbine is rotating, the mass 
of air within the pathway 14 in each blade issubjec- 
ted to centrifugal force which results in an increase in 
pressure at the blade tip and a decrease in pressure 
atthe blade root. 

45 Owing to the increase in air pressure at the blade 
tips, the air is forced out of the respective slots 26 and 
overthe respective blade surfaces at a relatively high 
velocity towards the respective trailing edges of the 
blade 12 (see Figure 2). The flows of air overthe 

50 blade surfaces adheres to those surfaces owing to 
theCoanda effect and, consequently, induces the air 
stream flowing overthe blades 12 to accelerate 
thereby enhancing the aerodynamic lift experienced 
by the blades 12. 

55 The decrease in pressure atthe respective blade 
roots results in air being sucked through the respect- 
ive slots into the respective pathways 14 (see Figure 
3). The suction of air into the respective slots 1 6 aug- 
ments the lamlnarflow of the air stream overthose 

60 sections of the blades 1 2thereby enhancing the 
aerodynamic lift experienced by the blades 12. 

When additional air mass flow is required to maxi- 
mise the flow of air along the pathways 14 and out of 
the slots 26, the valve 20 is opened whereby air is 

65 drawn into the pathways 14throughthehub10. 



The valves 20 and 30 are centrifugally-operableto 
close the inlet opening 22 and the pathways 14, re- 
spectively, when the wi nd speed is sufficient to force 
the turbine into anoverspeed condition. The valves 

70 20 and 30 are also preferably controlled to decrease 
the flow of air through the slots 26 gradually overa 
range of wind speeds thereby reducing the lift ex- 
perienced by the blades 1 2. Such a reduction in lift 
limits the power generated by the turbine. Once the 

75 airflowfrom the slots 26 is reduced sufficiently, the 
blades 12 will experience stall owing to the separ- 
ation of the boundary layerfrom the blade surface in 
a similar mannerto a conventional blade as shown in 
Figure 1. 

80 The reduction in power generation achieved by the 
use of valves 20 and 30 renders the turbine more 
amenable to shutdown by conventional retarding 
systems such as electrodynamic braking and mech- 
anical brakes. 

85 When the valve 20 is opened, the amount of air 
f lowi ng into the pathways 1 4 th rou g h the slots 1 6 is 
reduced. If required, however, partitions can be pla- 
ced in the pathways 14 relative to the slots 1 6 such 
that airflow along the pathways 1 4 from the hub 1 0 

90 induces inward airflows through the slots 1 6. 

The enhancement of aerodynamic lift achieved by 
the provision of the outlet slots in the region of the 
bladetips enables the blade chord to be reduced 
significantly, particularly in the tip region but also to 
95 some extent overthe whole of the length of the 
blade. This feature taken together with control avail- 
able owing to the regulating effect ofthe valves 20 
and/or 30 means there is less constraint on theper- 
mitted pitch angles ofthe blade at various radii. Con- 

100 sequentiy, blades constructed in accordance with 
the present invention can have more twist (as com- 
pared to a conventional blade) thereby giving an im- 
provement in the starting characteristics oftheturb- 
ine whilst still being able to derive the required 

105 power from the wind. 

Furthermore, the reduced blade chord means the 
turbine has a lower solidity factor (I.e. ratio of area of 
blades the area swept by blades) which gives a 
higherefficiencyfortheturbine.Also, in limiting 

110 wind conditions, the lower solidity factor meansthe 
turbine has a reduced thrust reaction and thus a 
lower maximum storm overturning moment thereby 
leading to a saving of materials in the construction of 
the tower. 

115 The use ofthe inlet slots 16 to enhance the aerody- 
namic lift experienced by the blades 12 allowsthe 
blade root section to be increased as compared to a 
conventional blade root section. The increased blade 
root section will reduce stress levels in the blade 

120 structurethereby leading to a saving in materials. 
Modifications are possible within the scope of the 
invention. For example, air under pressure could be 
supplied to the inlets 18 to provide a flow of afrfrom 
the outlet 26 even when the rotor is at rest. That prov- 

125 isionwould improve the starting characteristics of 
the turbine. In those circumstances, the inlet slots 16 
would not be provided (since the pressurised air 
wouldflowoutof theslots 16); or, alternatively, the 
out!et26would be segregated into two sections con- 

130 nected by separate pathways 14 to the inlet slots 16 
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and to the inlets 18, respectively. In othermodi- 
fications, only one of the inlets need be provided, 
preferably the inlet 1 8. The invention is also applic- 
able to untwisted blades. 

5 The invention is also applicable to turbines having 
variable-pitch blades. When the pitch of such blades 
is changed, a surge in the power generated bythe 
generator is usually experienced asthe blades move 
from a stalled condition to a power-generating con- 

10 ditlon. The valve means can be used to minimise the 
lift augmentation provided by the invention during 
the pitch change of the blades thereby to minimise 
such power surges. 
In another form (not shown), the invention is appli- 

15 cable to vertical axis wind turbines. In that instance, 
the air is subjected to centrifugal forces in the rotor 
arms on the ends of which are mounted the blades. 
Additionally, air can be positively blown through the 
arms. When the blades are mounted on the arms at 

20 an angleto the axis of rotation (i.e. thetiltangle), 
preferably the outlets are limited to those parts of the 
blades radially outwardly of the end of the rotor 
arms. 



ceding claims, in which the valve means close auto- 
matically if the rotorisinan overspeed condition. 

1 0. A wind turbine according to any one of the 
preceding claims in which flow guides extend trans- 

70 verselyofthe blade in the region of the outletthereby 
to guide air transversely of the blade In said region. 

11. Awindturblneaccording to claim 1 substan- 
tially as hereinbefore described with reference to 
Figures 2 to 7 of the accompanying drawings. 

75 1 2. A wind turbine blade as defined in any one of 
the preceding claims. 
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1 . A wind turbine comprising a rotor having at 
leastone blade in theform of an aerofoil and valve 
means, the blade having an internal pathway which 

30 extends generally parallel to the longitudinal axis of 
the blade and which has an inlet through which air 
can enter and flow along the pathway and an outlet 
located adjacentand substantially parallel to the 
leading edge of the blade, the outlet being adapted to 

35 direct air flowing from the pathway overthe blade 
surfacetowardsthetrailing edge of the blade 
thereby enhancing the aerodynamic lift experienced 
bythe blades,flowofair along the pathway to the 
outlet being controllable by said valve means. 

40 2. Awindturbineaccordingtoclarm 1,inwhich 
the rotor is mounted on a horizontal axis, the outlet 
being located between the midpoint and the tip of 
the blade and the inlet being located in the radially 
inner part of the blade. 

45 3. A wind turbine according to claim 2, in which 
the outlet extends overthe outer80%-98% of the 
blade radius as measured from the root of the blade. 

4. A wind turbine according to claim 2 or claim 3, 
in which the inlet is in, and is substantially parallel to 

50 the longitudinal axis of, the blade and is adapted to 
receive airflowing over the blade surface to augment 
laminarflow overthe blade surface thereby enhanc- 
ing the aerodynamic lift experienced bythe blade. 

5. A wind turbine according to claim 4, in which 
55 the inlet extends overthe inner 5% - 35% of the blade 

radius as measured from the root of the blade. 

6. A wind turbine according to any one of claims 
2 to 5, in which the inlet or a second inlet extends 
radiallythrough the root of the blade. 

60 7. A wind turbine according to any one of the pre- 
ceding claims, in which the blade is a fixed-pitch 
blade. 

8. A wind turbine according to claim 1 , in which 
the rotor is mounted on a vertical axis. 
65 9. A wind turbine according to anyone of the pre- 



